Meningoencephalitis in cats is most frequently associated with infections, including feline infectious peritonitis (FIP) and toxoplasmosis ([@bib7], [@bib9]). In a recent histological review of tissues from 286 cats with neurological disorders, 92 (32%) had inflammatory and/or infectious lesions affecting the central nervous system (CNS) ([@bib2]). Of these, 47 (51%) had FIP, 33 (36%) had non-specific encephalitis or meningitis, eight (9%) had protozoal tissue cysts (presumed to represent toxoplasmosis) and one (1%) had cryptococcosis ([@bib2]). Other reported causes of meningoencephalitis include feline immunodeficiency virus ([@bib10]), mycosis ([@bib14]), immune-mediated ([@bib19]) and extension of bacterial infection from the inner or middle ear ([@bib7]).

Antemortem diagnosis of CNS inflammatory diseases can be challenging. Cerebrospinal fluid (CSF) analysis is historically the principal test used for the diagnosis of intracranial inflammatory conditions ([@bib19], [@bib23], [@bib20]). Although increased CSF white cell count and protein concentration can occur secondary to other pathological conditions, such as neoplasia ([@bib18]), animals with confirmed CNS inflammatory disease rarely have normal CSF, hence it is a sensitive but non-specific test ([@bib19]).

Although computed tomography (CT) may be preferred when it is necessary to examine in detail the calvaria or when acute intracranial haemorrhage is suspected, magnetic resonance imaging (MRI) is generally considered the imaging modality of choice for examining the intracranial structures. In animals with CNS signs, MRI may be used before CSF collection to identify any intracranial mass that may be considered a contraindication for subarachnoid puncture, or to gain more information in animals with non-specific CSF results. Potential MRI findings in cats with inflammatory conditions include hydrocephalus, ependymal, neural or meningeal enhancement in T1-weighted images after gadolinium-based contrast medium intravenous administration and focal, diffuse or multifocal hyperintensity in T2-weighted images ([@bib7], [@bib15], [@bib4], [@bib16]); however, this is a lightly documented subject. The aim of the present study was to describe the MRI findings in a series of cats with inflammatory CNS conditions.

Materials and methods {#sec2}
=====================

Selection criteria {#sec2.1}
------------------

Medical records at the Queen Mother Hospital for Animals, The Royal Veterinary College, between January 1999 and July 2005 were searched for cats that had MRI of the head and inflammatory CSF or a histological diagnosis of an inflammatory CNS condition. Cats with a history of receiving corticosteroids before referral were excluded from the study.

CSF analysis {#sec2.2}
------------

All CSF samples were collected from the cerebellomedullary cistern and analysed within 20 min. In case of minor blood contamination, the leukocyte count was adjusted by subtracting one white blood cell (WBC) mm^−3^ for every 100 red blood cells (RBC) mm^−3^. Although the CSF protein concentration formula was considered to adjust the CSF protein level by subtracting 1 mg/dl for every 1000 RBC/μl ([@bib24]), however no cases presented RBC over 1000/μl. CSF results were suggestive of inflammation if the protein level was \>0.25 g/l or the white cell count was \>5 mm^−3^. In cats in which an infectious aetiology was suspected on the basis of history, clinical signs and/or CSF protein level or leukocyte count, feline coronavirus (FCoV) and *Toxoplasma gondii* antibody titres were tested in serum and CSF.

MRI protocol and review {#sec2.3}
-----------------------

MRI was performed using a 1.5 T magnet (Gyroscan 1.5 T, Philips). In all cats, transverse T1- and T2-weighted images, sagittal T2-weighted images, and transverse T1-weighted images after contrast administration (intravenous administration of 28 mg/kg gadoteric acid (Dotarem; Guerbet Laboratories)) were acquired. To facilitate unbiased interpretation, magnetic resonance (MR) images of cats with inflammatory diseases were mixed with images of 24 cats with neurological signs not thought to be associated with inflammatory CNS conditions and the images were reviewed by one observer (CRL) working without any clinical information. Only the interpretations of MR images of cats that satisfied the inclusion criteria for inflammatory CNS disease were used in this study. Abnormalities observed in MR images were categorised according to the following subjective criteria: signal intensity compared to cerebral grey matter; evidence of increased signal intensity in T1-weighted images after gadolinium contrast medium administration; lesion site (telencephalon, diencephalon, mesencephalon, metencephalon, myelencephalon, meninges, ependyma); distribution (focal, multifocal, diffuse); margins (distinct or indistinct); presence of ventricular dilatation (mild, moderate, marked); and presence of cerebral or cerebellar herniation. Any abnormalities affecting extracranial structures were also recorded.

Pathology {#sec2.4}
---------

Postmortem specimens of various organs including the brain were collected and processed using standard methods. Samples for histology were fixed in neutral buffered 10% formalin, embedded in paraffin and stained with haematoxylin and eosin (HE) and Luxol fast blue.

Results {#sec3}
=======

Case selection {#sec3.1}
--------------

A total of 251 records were examined and 14 cats were found to satisfy the inclusion criteria. Ten cats were domestic shorthairs; there were more males (11) than females (3); the median age was 3 years (range 4 months--9 years). Eight cats (57%) had the neurological form of FIP. Cats with FIP tended to be younger (median age 16 months; range 4 months--4 years) than cats with other inflammatory CNS conditions. The clinical signs and results of haematology and plasma protein concentration in 14 cats with inflammatory CNS conditions are summarised in [Table 1](#tbl1){ref-type="table"}. Hyperglobulinaemia was observed in four (50%) cats affected by FIP.Table 1Major clinical signs, neurological localisation, haematology and plasma protein results in 14 cats with inflammatory conditions affecting the CNSCatClinical signsNeurological localisationHaematologyPlasma protein1Depression, decreased menace response, ascitesRight forebrainNeutrophiliaHyperglobulinemia2Ataxia, tetraparesis, mydriasisBrainstemWNLHyperglobulinemia3Tetraparesis, vertical nystagmus, hypermetriaCVS and cerebellumWNLWNL4Stupor, anisocoria, positional nystagmus, seizuresMultifocalWNLHyperglobulinemia5CP deficits, generalised hyperaesthesiaForebrainWNLWNL6Hypermetria, intentional head tremorCerebellumWNLWNL7Seizures, CP deficitsForebrainWNLNP8Depression, CP deficits, neck pain, seizuresForebrainWNLHyperglobulinemia9Seizures, right circling, hemiparesis, depressionRight forebrainWBCWNL10Opisthotonus, anisocoria, depression, no PLRBrainstemNPNP11Compulsive gait, circling, hypermetriaMultifocalWNLWNL12Head tilt, generalised ataxiaPVSWNLHyperglobulinemia13Head tilt, anisocoria, depression, facial paralysisCVSWNLWNL14Head tilt, depression, proprioceptive deficitsCVSWNLWNL[^1]

Clinical pathology {#sec3.2}
------------------

CSF was collected from 12 cats and data are reported in [Table 2](#tbl2){ref-type="table"}. Total protein level in CSF was increased in all cases (median 6.3 g/l, range 0.37--28.3 g/l) and was more markedly increased in the cats with FIP compared to cats with other inflammatory/infectious conditions. CSF WBC count was increased in nine cats (75%), including six with FIP, one with toxoplasmosis, one with neutrophilic meningoencephalitis and one with histiocytic encephalitis. The median CSF WBC count in these nine cats was 138 mm^−3^ (range 9--523 mm^−3^), with equal numbers of cats with predominantly neutrophilic versus mixed pleocytosis. In three cats the total WBC count was normal, but differential cell count revealed non-degenerate neutrophils in one cat and activated leukocytes in two cats. FCoV titres in CSF were positive in three (50%) cats with FIP whereas serum titres levels were positive in five (83%) cats. Both cats with toxoplasmosis had positive CSF titres.Table 2Results of CSF analysis in 12 cats with inflammatory conditions affecting the CNSCatAge, sexDiagnosisCSFSerumPMWBC count/cytologyTotal protein (g/l)Ig titresIg titres13y, FNFIP, effusive17 mm^−3^; MP1.03Negative1:10,240Yes211m, MFIP, non-effusive78 mm^−3^; MP28.21:10001:3200Yes34y, FNFIP, non-effusive302 mm^−3^; NeP7.91:100NegativeYes48m, MFIP, non-effusive4 mm^−3^; non-degenerate neutrophils7.291:1001:1000Yes52y, FNFIP, non-effusive13 mm^−3^; MP0.93NegativeNegativeYes68m, MNFIP, non-effusive523 mm^−3^; MP20.1NegativeNegativeYes74m, MFIP, non-effusiveNPNPNP1:1280Yes86m, MFIP, non-effusive189 mm^−3^; MP7.2NegativeNegativeYes94y, MNToxoplasmosis3 mm^−3^; activated macrophages0.451:16NegativeYes109y, MNToxoplasmosis23 mm^−3^; NeP0.371:2561:256Yes114y, MNNeutrophilic meningoencephalitis9 mm^−3^; NeP0.71NegativeNegativeNP125y, MLymphocytic meningoencephalitis3 mm^−3^; reactive lymphocytes0.40NegativeNegativeYes137y, MNBacterial meningoencephalitisNPNPNPNPYes142y, MNHistiocytic encephalitis83 mm^−3^; NeP0.73NegativeNegativeYes[^2]

Magnetic resonance imaging {#sec3.3}
--------------------------

Intracranial lesions were observed in MR images in 10 of 14 cats (71%) ( [Table 3](#tbl3){ref-type="table"}). In three cats with FIP and one cat with histiocytic encephalitis the MR images were considered normal.Table 3Results of MR imaging in 14 cats with inflammatory conditions affecting the CNSCatSiteDistributionMarginsCerebellar herniationDilated ventriclesSignal intensity inGad-based contrast uptakeAdditional lesions visible after Gad IV administrationT1-WIT2-WI1−−−−−−−−−2−−−−−−−−−34,6FocalIndistinct−+Mild hypoHyper++−41,7DiffuseDistinct+++IsoIso+++Yes5−−−−−−−−−66DiffuseDistinct−−IsoHyper++Yes73,7DiffuseDistinct++++IsoIso+++Yes86,7DiffuseDistinct++IsoIso++Yes91MultifocalIndistinct−−Mild hypoHyper++Yes104,5,6MultifocalIndistinct−−IsoHyper++Yes113FocalIndistinct−−IsoHyper+++Yes126FocalDistinct−−IsoMild hyper++Yes134,6FocalIndistinct−+IsoMild hyper++Yes14−−−−−−−−−[^3]

Intracranial lesions were observed as slightly hypointense foci in T1-weighted images in two cats (14%), as hyperintense foci in T2-weighted images in seven cats (50%) and as hyperintense foci after gadolinium contrast administration in 10 cats (71%). In six cats with lesions in T1- and/or T2-weighted images, additional lesions were visible in T1-weighted images obtained after gadolinium contrast medium administration. In three cats, lesions were visible only in T1-weighted images obtained after gadolinium contrast administration ( [Fig 1](#fig1){ref-type="fig"}). There was a trend for lesions in cats with FIP to have distinct margins more frequently than other aetiologies; both cats with toxoplasmosis had lesions with indistinct margins. Lesion distribution was considered to be diffuse in four cats (40%), focal in four cats (40%) and multifocal in two cats (20%). Both cats with toxoplasmosis had multifocal lesions ( [Fig 2](#fig2){ref-type="fig"}). Ventricular dilation was observed in five cats (36%), including all three with lesions affecting the ependyma. No predilection sites were identified, although there was a trend for meningeal and ependymal lesion to be more frequently observed in cats with FIP ( [Fig 3](#fig3){ref-type="fig"}). There was evidence of cerebellar herniation in three cats with FIP.Fig 1Example of lesions that are visible only in T1-weighted images obtained after gadolinium contrast medium administration. Relatively uniform, diffuse enhancement is evident affecting the meninges (arrowheads) of this cat with FIP. The T1- and T2-weighted images appear normal.Fig 2Example of images from a cat with toxoplasmosis showing multifocal lesions. The initial T1-weighted image (left) appears normal, but hyperintense foci (arrowheads) are visible affecting the cerebrum after gadolinium contrast medium administration. The T2-weighted image shows hyperintense foci, representing oedema, in the same sites.Fig 3Sagittal images of a cat with FIP in which there is marked dilation of the fourth ventricle and moderate dilation of the third ventricle. The ependymal lining of the ventricle has enhanced signal after gadolinium contrast medium intravenous administration (arrowheads). Meningeal and ependymal lesions tended to be observed more frequently in cats with FIP.

Extracranial lesions were identified in three cats. Two cats had material in the tympanic cavity compatible with otitis media; one of these had no intracranial signs, but the other had a focal lesion affecting the metencephalon and adjacent meninges and a diagnosis of bacterial meningitis. It is likely that the otitis and meningoencephalitis were related in this cat ( [Fig 4](#fig4){ref-type="fig"}). The remaining cat had thickening of the lining of the frontal sinuses compatible with sinusitis and no intracranial signs.Fig 4MR images of a cat with otitis externa, media and interna and associated meningoencephalitis. Isoechoic material fills the right bulla and horizontal auditory canal. Focal enhancement after gadolinium contrast medium administration is visible affecting the lining and the dorsal aspect of the right bulla and adjacent pons (arrowheads). In the T2-weighted image there is evidence of oedema affecting the pons (\*) and a lack of a signal from the right inner ear. (The normal signal from perilymph in the left inner ear is arrowed.)

Discussion {#sec4}
==========

In this study, CSF was suggestive of inflammatory conditions in all cats in which analysis was performed. Three cats had a normal WBC count with abnormal cytological findings, as reported in certain inflammatory conditions, such as protozoan infection ([@bib19], [@bib20]), and non-inflammatory diseases, such as neoplasia or vascular conditions ([@bib18]). Steroid administration decreases the WBC count and/or total protein levels ([@bib24]); therefore, in order to avoid any false negative results we excluded from the present study any cats with previous steroid treatment.

Normal cats can have positive serum titres because of cross reaction with different strains of FCoV ([@bib21], [@bib7], [@bib8]). For this reason, it has been suggested that only positive serum titres \>1:1600 should be considered indicative of FIP ([@bib11]). The dry form of FIP is said to have relatively high FCoV antibody titres and to be rarely seronegative ([@bib7], [@bib8]); however, cats with neurological FIP can have negative serum titres ([@bib12], [@bib1], [@bib7]). This was observed in four of seven (57%) cats with histologically confirmed FIP in the present study. One reason for negative titres in cats with FIP may be that immune complexes already conjugated with the body\'s antibodies cannot be recognised by immunological tests ([@bib8]). Positive CSF antibody titres were found in both cats with toxoplasmosis.

Lesions were observed in MR images in 10 of 14 (71%) cats affected by an inflammatory CNS condition. Although the number of patients is insufficient for firm conclusions about the sensitivity of MRI, it is apparent that a negative MR scan cannot rule out presence of neurological FIP, as only half the cats with FIP had lesions in MR images. MRI did not appear to detect all cases of CNS inflammation in the population of cats in our study with CSF findings suggestive of CNS inflammation; however, MRI adds information about the sites and morphology of intracranial lesions that helps to distinguish both between neoplasia and inflammatory conditions and, to some extent, between different inflammatory conditions. Compared to computed tomography (CT) ([@bib17]), MRI is thought to have slightly higher overall sensitivity ([@bib13]). Increased sensitivity for multiple lesions and meningeal enhancement makes MR more likely than CT to enable identification of the signs that aid differentiation of intracranial inflammation from neoplasia.

In this series, inflammatory lesions of the CNS were visible as slightly hypointense foci in T1-weighted images in two cats (14%) and as hyperintense foci in T2-weighted images in seven cats (50%). In six cats with lesions in T1- and/or T2-weighted images, additional lesions were visible in T1-weighted images obtained after gadolinium administration. In three cats, lesions were visible only in T1-weighted images obtained after gadolinium contrast medium administration. Hence, as reported for dogs ([@bib13]), use of gadolinium contrast medium seems to increase the sensitivity of MR for intracranial inflammatory lesions.

In the present study, more cats had a single focal lesion than had multifocal lesions on MRI. This result contrasts with previous studies in which multifocal lesions were associated with non-neoplastic conditions, including inflammatory disease ([@bib4], [@bib13]). For example, in a recent study of 25 dogs with inflammatory CSF, abnormalities were found by MRI in 19 (76%) dogs with inflammatory CSF. Two dogs had focal lesions, 10 had multifocal lesions and seven had diffuse lesions ([@bib13]). Both cats with toxoplasmosis in the present study had multifocal lesions on MRI, a finding that has not been reported previously. Variable MR findings have been reported in humans with toxoplasmosis ([@bib3], [@bib6], [@bib5]) including multiple or solitary masses.

Three cats with FIP had ventricular dilation and enhancement of the ependyma after gadolinium contrast medium administration ([Fig 3](#fig3){ref-type="fig"}). This observation reflects the typical histological distribution of FIP lesions, which principally involve the inner and outer surfaces of the brain ([@bib22]). Ventricular dilation in cats with FIP may reflect abnormal CSF drainage, as dilated ventricles have been always observed in association with meningeal and/or ependymal involvement, two structures largely involved in CSF flow regulation ([@bib22]). Ventricular dilation may lead to increased intracranial pressure and cerebellar herniation through the foramen magnum. In MR images the cerebellum is usually considered herniated when the caudal tip of the vermis is within the foramen magnum; this is best assessed in sagittal images. Cerebellar herniation was observed in three of five cats with ventricular dilation in the present study. Anecdotal evidence suggests that there is marked variability in the shape of the cerebellar vermis in cats, which may complicate the assessment of herniation. Further studies, with larger numbers, are necessary to validate the MR assessment of the cerebellum in cats.

On the basis of this small series and other reports, it appears that CSF analysis can detect a higher number of cats with CNS inflammation than MRI; however, MRI adds more specific information about intracranial lesions that should help to distinguish both between cats with neoplasia and inflammatory conditions and, possibly, between different inflammatory conditions. Further studies involving larger numbers are required to investigate specific MRI characteristics in different feline inflammatory CNS diseases.
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[^1]: CVS = central vestibular system, PVS = peripheral vestibular system, WNL = within normal limits, NP = not performed, CP = conscious proprioception, PLR = pupil light reflex.

[^2]: PM = post mortem examination, F = female, M = male, N = neutered, MP = mixed pleocytosis, NeP = neutrophilic pleocytosis, NP = not performed, FIP = feline infectious peritonitis.

[^3]: Sites: 1 = telencephalon, 2 = diencephalons, 3 = mesencephalon, 4 = pons and/or cerebellum, 5 = medulla oblongata, 6 = meninges, 7 = ependyma. Iso = isointense signal, hyper = hyperintense signal, hypo = hypointense signal. − = absent, + = mild, ++ = moderate, +++ = marked. LV = lateral ventricles. Gad = gadolinium, IV = intravenous, WI = weighted images.
